Satellite studies of magnetospheric substorms are necessarily statistical since there are few properly instrumented satellites in space at any one time. To carry out these studies, one selects an ensemble of similar substorms, determines an origin for substorm time, and performs an ensemble average to eliminate noise. Similarity between different substorms can be determined from contour maps of midlatitude magnetic perturbations as a function of longitude and universal time. The origin of substorm time can also be determined from midlatitude perturbations and is usually taken as the beginning of the positive bay near midnight. Use of these techniques has led to a phenomenological model of magnetospheric substorms that includes a growth phase. The controversy over the existence of the growth phase is at least partially a consequence of differing definitions of the origin of substorm time. Use of auroral zone magnetograms often gives an earlier onset than midlatitude magnetograms. However, midlatitude onsets do appear to order satellite data systematically. In this paper we illustrate the discrepancy between these two onset times and show how midlatitude onsets order satellite data in agreement with the growth phase model. Three events of increasing complexity are considered. Each has been previously reported in the literature and later criticized. We speculate that a polar magnetic substorm begins when a pair of X-and O-type neutral lines form on closed field lines within the plasma sheet. Subsequently, the midlatitude positive bay begins when magnetic merging first encounters open field lines in the lobe of the tail.
INTRODUCTION
It is generally accepted that the geomagnetic field undergoes significant changes during a magnetospheric substorm. For example, recent reviews of magnetic field changes in space during substorms include: Russell and McPherron [1973] , McPherron et al. [1973] , Akaso [u [1972] , McPherron [1972] , and Rosto.ker [1972] . In fact, most recent theoretical work appears to be based on the assumption that magnetic field merging is responsible for magnetospheric substorms, e.g., Vasyliunas and Wol [ [1973] . Until very recently, almost all studies of the magnetic field changes during substorms were based on ground observations alone [Akaso [u, 1968] . Since 1967, however, satellite observations have begun to reveal the complex changes which occur within the magnetosphere during substorms [Heppner et al., 1967] . Subsequent work by tive bays at near-midnight stations. A wide variety of phenomena was found to occur during this interval and was proposed as precursory activity of an expansion phase to follow.
Recently, Akasofu and Snyder [1972] and Rostoker and Kisabeth [1973] have pointed out the inadequacies of the existing network of auroral zone observatories. They suggest that weak bays may be the effects of weak, distant, localized, or high latitude substorm expansions. However, Nishida and Nagayama [1973] and McPherron [1973] have argued that localized events in the auroral zone should be ignored, and for the purposes of organizing satellite data only events having a "global signature" should be used. In general, a global signature has been subjectively defined as the beginning of a bay seen at several widely distributed auroral zone stations within a time interval of 30 min or less, or a substorm evident as a positive bay onset at several midlatitude stations as well as in the auroral zone.
Using such global signatures of substorm onset, a number of investigators have developed a phenomenological model of the magnetospheric substorm, e.g., McPherron et al. [1973] , and Nishida and Nagayama [1973] . In general, this model is in good agreement with theoretical suggestions by Coroniti and Kennel [1972a, b, 1973] . Recently, however, Akasofu [1972] has exhaustively reviewed the evidence on which the phenomenological and theoretical models are based and concluded that expansion onsets were incorrectly determined. Using different definitions of expansion onsets for the same data, he derives a quite different phenomenological model.
In this paper we have reexamined several of the events previously reported by our group which have also been criticized by Akasofu [1972] . We will show that some of this criticism is justified. In particular, we conclude that there is no simple one-toone relationship between polar magnetic substorms and magnetospheric substorms as defined by midlatitude magnetograms. It appears that in some cases polar magnetic substorms occur during the growth phase of a magnetospheric substorm.
It might be suggested that midlatitude magnetograms are an inappropriate measure of substorm onset and the concept of a growth phase is incorrect. However, as we will show, magnetospheric observations are more systematically organized by midlatitude onsets than by auroral zone onsets. In view of this fact, we prefer to retain the concept of the growth phase of a magnetospheric substorm and suggest that the association of auroral and polar magnetic substorms with the magnetospheric substorm requires further study.
EXPERIMENTAL PROBLEM
The experimental problem which has led to the controversy over the existence of a substorm growth phase requires some additional discussion. In order to establish the morphology of a substorm in space we must proceed statistically since we have only one or two satellites to work with at any one time. To do this, we usually make two assumptions: first, that all substorms are fundamentally similar and, second, that we can determine accurately some critical time in the substorm. If these assumptions are satisfied, we can select an ensemble of similar substorms with the satellite in a specified location. Knowing the onset time for each event, we can perform an ensemble average. The effects of noise inevitably present in geophysical data are reduced in the average, and the magnetospheric signature of a substorm emerges.
The foregoing situation is analogous to that in the laboratory when we trigger an oscilloscope off the signal and obtain a clear waveform. If we trigger with noise, however, we get a blurred waveform or an incorrect one.
DETERMINATION

OF ONSET TIMES
Our current approach to the determination of onset times is summarized in Figure 1 . We take the interval of time within which the magnetospheric event we are studying occurs and determine all possible substorm onsets. In the auroral zone these will be sudden enhancements of negative bays. At midlatitudes these are onsets of positive bays. Usually, if there is a clear onset at midlatitude, we choose this time as our reference time. If there are several onsets at midlatitudes, we choose the one after which the largest perturbation occurs. If there are no midlatitude onsets, we use the onset at the nearmidnight auroral zone station.
It should be pointed out that this definition of onset often ignores some features which may be earlier onsets of polar magnetic substorms. It should also be noted how easy it is to destroy any semblance of organization of the magnetospheric data if in successive substorms we were to choose the various onsets shown. An ensemble average of the magnetospheric data would average to nearly a straight line.
That this definition of substorm onset organizes some satellite data extremely well is demonstrated in In our opinion, the present confusion about the magnetospheric signature of substorms is as much a consequence of substorm variability as it is of inaccuracy in determination of onset times. This fact does not seem to have been previously recognized, as most criticism of our phenomenological model has been directed to the question of onset timing.
PHENOMENOLOGICAL
MODEL OF MAGNETIC
VARIATIONS DURING MAGNETOSPHERIC
SUBSTORMS
In order to motivate our presentation of satellite data, we briefly summarize our current phenomenological model of the magnetic field variations during substorms. This model is presented schematically in Despite problems such as these, we feel that our present model can, with minor modifications, organize data for a majority of substorms. In the data presentation which follows we begin with an event which appears to fit this model almost perfectly. We then consider several events previously reported in the literature and which have been criticized by Akasofu [1972] . We show that this criticism is justified on the basis of auroral zone magnetograms, but, for these events, the midlatitude magnetograms still organize the magnetospheric data in the way predicted by our model. During the expansion phase the energy density in the lobe of the tail decreases. At synchronous orbit and midlatitude near midnight there is a rapid increase in the magnetic field, while at dusk there is a further rapid decrease. In the auroral zone there is a sudden enhancement in the bay disturbances, particularly in the negative bay near midnight. In addition, during the expansion phase the plasma sheet expands.
While this model may be adequate for isolated substorms or the first substorm after a period of This onset was determined from both auroral zone and midlatitude magnetograms which agree within the accuracy of the original data (___2 min). We cannot rule out the possibility that the substorm expansion actually began earlier than suggested by the midnight auroral zone station (Great Whale River). However, it is unlikely that any serious error exists in the midlatitude determination. Consequently, we conclude that this substorm is a good example of the morphology predicted by our phenomenological model.
It has been pointed out by a referee of this paper that since the southward turning was accompanied by a decrease in pressure, it is inappropriate to call this event simple. However, we have been unable to find a "simpler" event with this amount of collaborative data. In our defense we note that there has been no demonstration that sudden impulses cause substorms when the field has not been previously southward. Consequently, we assume the effects of the -Si are linearly superposed on those of the southward field. field. Also, we note that for the 1200 substorm during which ATS 1 was located just past midnight, the H component does not begin to recover until about 1220. Figure 18 by vertical dashed lines are intervals of continuously southward solar wind magnetic field. For the 1200 event there is good agreement between the field and an increase in the lobe energy density. For the 1600 event the agreement is not so persuasive unless we include the interval of fluctuating solar wind field (see Figure   13 ). We note that for this event, we have no means of precisely determining the arrival time of the southward field at the magnetopause. As discussed originally by Aubry and McPherron [1971] , it is reasonable to assume that the solar wind convection time is a good estimate of the delay.
Also shown in
These two substorms on February 13, 1968 clearly illustrate the complexity of typical substorms and should be contrasted to the simpler event of February 25, 1967, which served as our prototype. Nonetheless, by using the beginning of a major increase in the horizontal component at midlatitudes we find the observations are in agreement with those of February 25, 1967, and also with our phenomenological model. We note, however, that to obtain agreement we have ignored certain events in the auroral zone which may be interpreted as the onset of substorm expansions. From the data presented above it is easy to see that large changes also occurred in the a. uroral zone after the onset times chosen from midlatitude magnetograms. The changes are o.f the form expected from our model, hence the auroral zone data do not contradict it. However, it does not follow logically that since all magnetospheric substorms include a polar magnetic substorm, all polar magnetic substorms imply that a magnetospheric substorm has occurred.
AN EVEN MORE COMPLEX EVENT, MARCH 27, 1968
As a final example of the complexity of substorm behavior, we have chosen to reexamine the magnetopause erosion event originally described by Aubry et al. [1970] . In the original analysis of this event Russian magnetograms were not yet available and the utility of midlatitude magnetograms had not been recognized. As a consequence, the timing of substorm activity in this report is clearly in error. However, as we will show below, the original conclusions of this work are still justified.
In It appears to us that the "growth phase controversy" has been a consequence of these different definitions of substorm onset. When midlatitude onsets are used, the magnetospheric data are well organized by a phenomenological model which includes a growth phase. When auroral zone onsets are used, this is often not the case. In fact, in our opinion, magnetospheric data are not well o.rganized by auroral zone o.nsets of polar magnetic substorms. For example, using the data shown above, it would be necessary to argue that in some substorm expansions the energy density in the tail lobe increases and in others it decreases. With our assumption that the tail plays a fundamental ro.le in the substorm process, we believe this is physically unrealistic and indicative of an incorrect determination of the time of origin for the magnetospheric substorm.
At the present time, the physical mechanisms causing the auroral zone and midlatitude magnetic signatures are not known. As a consequence, there does not appear to be a good physical reason for choosing one rather than the other in timing magnetospheric phenomena. In fact, recent work by Rostoker [1972] suggests that a polar magnetic substorm is more complicated than described by the model of Akaso/u [1968] . In particular, there may be two westward electrojets, one at the southern edge and one at the northern edge of the auro.ral zone. The temporal development of these two is complicated and not fully understood. Consequently, we This model of the substorm expansion accounts for the earlier onset of polar magnetic substorms. In addition, it can account for a variable delay between this onset and the beginning of midlatitude positive bays. Furthermore, it would appear likely that this delay would depend in a significant way on the previous history of substorm activity.
We should emphasize that there are probably other causes of field-aligned currents and electrojets than the one proposed here. For example, in our explanation of the growth phase , the electrostatic potential associated with convection also causes current systems similar to the one discussed above. In particular, it seems likely that this may be the explanation of electrojets seen at the equatorward edge of the auroral zone.
CONCLUSIONS
In this paper we have reexamined several substorms previously reported in the literature by our group. In this earlier work it was found that the data supported the concept of a growth phase for the magnetospheric substorm. This analysis has been severely criticized by Akaso [u [1972] , who argued that substorm expansion onsets were improperly North Lobe identified. It is shown above that there is justification for such criticism. In particular, it is noted that our definition of substorm onset is based primarily on midlatitude magnetograms which often give a later onset than determined in the auroral zone. We argue, however, that this is the appropriate time to use, as it makes the magnetospheric signature of substorms more systematic. In our interpretation we argue that a simple model of an ionospheric "short circuit" of the tail current links the ground and magnetospheric observations in the manner suggested by our phenomenalogical model of the expansion phase. We speculate that the formation of a localized region of magnetic merging on closed field lines may be the reason for the diversion of the tail current. We note, however, that such merging does not alter the magnetospheric topology until it involves open field lines in the tail lobe. Consequently, we suggest that the apparent delay between auroral zone onset and later midlatitude onset may correspond to this distinction in the type of field line involved in the merging process. We emphasize that there may be other causes of auroral electrojets; for example, convection could drive growth phase electrojets.
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